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Fast anterograde and retrograde axonal transport were investigated from 8 to 52 weeks by measuring endogenous acetylcholinesterase activity using a double ligation technique similar to that of Oikarinen & Kalimo ( 1984) . After 5 2 weeks, the deficient animals (17 = 5 ) exhibited a 25"% reduction in anterograde accumulation (P<0.02) and a 20% reduction in retrograde accumulation ( P < 0.05) . No significant differences in either anterograde or retrograde transport were found at earlier time points. This is in agreement with the general observation that if alterations in axonal transport occur, they generally arise later in the course of nerve degeneration.
Peripheral and central nerve conduction were assessed by measuring lumbar and cortical somatosensory evoked potentials (SEPs), respectively. After 40-42 weeks of deficiency, no differences in conduction of the lumbar SEP were observed between the deficient ( n = 12) and control animals ( n = 8). However, conduction of the cortical SEP was significantly (/'< 0.00 1 ) slower in the deficient animals. This agrees with the neuropathological findings of a progressive primary axonopathy with seconary demyelination which predominantly affects the primary sensory neurons, and is particularly severe in the posterior columns and the gracile and cuneate nuclei of the brainstem (Nelson et a[., 1981) . Electromyographic (EMG) studies of distal muscle (gastrocnemius) showed abnormalities (presence of spontaneous fibrillation, positive sharp waves or polyphasic groups) in all the deficient animals studied ( n = 12), whereas none of these abnormalities was recorded in any control rat ( n = 8).
Abnormal electrophysiological findings do not appear to have been previously reported in experimental a-tocopherol deficiency, but abnormal central conduction (Wichman et a/., 1985) and EMG (Satya-Murti et al., 1986) have both been previously reported in man with severe a-tocopherol deficiency. Measurement of the cortical SEP has the advantage that it provides for the first time a sensitive and objective method of assessing the neurological effects o f a-tocopherol deficiency in longitudinal studies in the same rat.
We thank Mr C. J . MacEvilly for technical help and Hoffmann La Roche and Co. and the Friedreich's Ataxia Group for financial support. We also thank Professor P. K. Thomas (Royal Free Hospital, London) and Dr A. Kriss (The Hospitals for Sick Children, Great Ormond Street, London) for help with the electrophysiological studies. Unilateral lesion of the nucleus basalis (nB) in the rat basal forebrain by stereotactic injection of kainate results in the degeneration of magnocellular cholinergic neurons which innervate frontal and parietal regions of the neocortex. This degeneration is evidenced by a decrease in several markers of cholinergic terminals, namely in choline acetyltransferase (ChAT), acetylcholinesterase ( AChE) and muscarinic acetylcholine receptors (mAChR) in cortex ipsilateral to lesion compared with the contralateral side (Wenk & Olton, 1984; de Belleroche et ul., 1985) . Degeneration of magnocellular neurons is a consistent finding in Alzheimer's disease (AD) where a similar cholinergic deficit is seen in the cerebral cortex (Bowen er al., 1979) . Hence this experimental procedure has been used as an animal model of the cholinergic deficit in AD. However, unlike AD, a reversal in these deficits is seen about a month after lesion in the animal model and a recovery to normal levels is evident after about 150 days
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( W e d & Olton, 1984; de Belleroche et al., 1985) . This is thought to be due to a process of 'spared axon sprouting' followed by reinnervation of the cortex. Here we present evidence of two cortical responses to cholinergic denervation upon nB lesion, responses of early onset, but limited duration, which may be associated with the processes of recovery seen in this animal model. Several neurotransmitter receptor types, including mAChRs, are linked to hydrolysis of polyphosphoinositides (PPl) resulting in the production of two second messengers: inositol 1,4,5-trisphosphate [Ins( 1,4,5)P,] and diacylglycerol (DAG) (Fisher & Agranoff, 1987) . The PPl response to carbachol and other neurotransmitters was monitored at various times subsequent to lesion. Rapid induction of ornithine decarboxylase (ODC), the rate-limiting enzyme in the synthesis of polyamines, has been reported upon denervation in both the CNS and PNS (Agnati et a/., 1985; Tetzlaff & Kreutzberg, 1985) . We examined the induction of ODC subsequent t o lesion to investigate its possible role in recovery.
Assuy of I'PI response arid ODC uctiviry
Slices of frontoparietal cortex from both lesioned and unlesioned sides were prepared and preincubated with [3H]inositol and Li' (12 mM). Some slices were retained for assay of AChE activity (according to the colorimetric assay of Ellman et a/., 1961) to assess the extent of denervation. This increase was found to be due to an elevated maximal response to carbachol with no significant change in the ECSo value. This increased response to carbachol was evident as early as 24 h after lesion (response to 10 mMcarbachol on the unlesioned side being 5436 f 933 increasing to 9137 f 4 4 7 InsP, d.p.m./mg of p r o t e i n f~.~.~. on the lesioned side; P<O.O5; n = 4). Two weeks after lesion, the increased responsiveness was much attenuated with only the most severely lesioned animals (as assessed by cortical AChE deficit) showing a significant increase of about 30%. No significant changes in InsP, accumulation were found 50 days or longer after lesion. No significant changes in PPI responsiveness were seen with either noradrenaline or 5-hydroxytryptamine 1 week after lesion.
Activity of ODC in the supernatant fraction of cortical homogenates was assessed subsequent to lesion using the radioenzymic assay of Baudry et al. (1986) , utilizing [l-14C]ornithine as substrate. A large increase in ODC levels was seen in cortex ipsilateral to lesion, which reached a maximum 8 h after lesion and decreased rapidly after this time, a lesser induction of ODC was also seen in contralateral cortex (see Table 1 ). Decreases in A C E are modest immediately after lesion which precludes their use to assess the extent of denervation. However, in cortex samples which showed no AChE decrease (indicating that lesion occurred outside the area of the nB) there was little increase in ODC levels at 10 h. This suggests ODC induction to be a response to denervation rather than a response to unilateral kainate injection.
Relationship of elevated PPI responsiveness and ODC induction to processes of recovery
The elevated PPI responsiveness was seen with carbachol stimulation, but not with noradrenaline or S-hydroxytryptamine and is thus associated with mAChR-bearing cells, although presynaptic elements cannot be ruled out. Attenuation of this response to lesion is much more rapid than the reversal in presynaptic cortical cholinergic parameters. Thus the response is related not to the state of denervation per se, but rather with the onset of denervation. The possibility exists that the transient elevated response participates in processes of recovery, through either Ca'-dependent processes or by increased production of DAG and the subsequent activation of protein kinase C.
ODC induction in the whole brain is a reported consequence of intracerebroventricular injection of nerve growth factor (NGF) (Lewis et ul., 1978) . NGF, which is produced by the target cells of the nB neurons (Korsching et al., 1985) , may thus be responsible for the induction of ODC upon denervation. The possibility that ODC changes are causally linked to the increased PPI responsiveness is suggested by reports of polyamine augmentation of PPI lipid pools (Vogel Responses of the CNS to denervation and the mechanisms which lead to reinnervation are likely to involve many different cellular components. Using this animal model in which well-studied changes occur, we have discovered two early responses of limited duration which may be associated with this recovery. It will prove important to study the biochemical sequelae of these responses to assess their relationship to processes of recovery. Interestingly, the large synchronized denervation seen in this animal model may represent on a large scale events taking place upon degeneration of a single neuron in the CNS.
